qualifications results in applications from across Africa. Courses aim to bridge gaps in the diverse backgrounds of students who range from biologists with no prior computing exposure to computer scientists with no biology background. The programme is evenly split between coursework and research, with diverse modules from a range of departments covering mathematics, statistics, computer science and biology, with emphasis on application to bioinformatics research. The early focus on research helps bring students up to speed with working as a researcher. We measure success of the programme by the high rate of subsequent entry to PhD study: 10 out of 14 students who completed in the years 2011-2013.
INTRODUCTION
The Research Unit in Bioinformatics at Rhodes University in South Africa (formerly Rhodes University Bioinformatics Research Group, but still abbreviated to RUBi, http://rubi.ru.ac.za) offers a one-year coursework and research thesis Masters in Bioinformatics that is (to the authors' knowledge) unique in Africa. This programme is regularly over-subscribed (e.g. 65 applications for 7 places in 2012), and has had some significant successes in producing bioinformatics researchers.
Our experiences in running this programme are that, while there are real difficulties in bridging a variety of prior backgrounds, in bringing students up to speed across a diverse range of bioinformatics skills in a short time and the lack of published curricula for a programme of this nature, the challenges are worth taking on. We use an educational approach that moves students from outsiders to practitioners in stages, recognising that integrating research into teaching is essential to rapid conversion from a variety of backgrounds with limited research experience to research-capable graduates.
The interest in this programme is driven by the growth of demand for bioinformatics research skills, the lack of similar offerings, as well as South Africa's relatively benign cost of study for students from the rest of Africa. Because of this high demand, we have been able to focus on quality, and students graduating from the programme are highly sought after for PhD study.
In the remainder of this paper, we describe our educational philosophy then describe our programme in more detail in the form of a case study. Finally, we summarise with conclusions. Since the growth of demand for bioinformatics skills is a global phenomenon, this report may be a useful guideline to other institutions wishing to establish a similar programme.
EDUCATIONAL PHILOSOPHY
A multidisciplinary programme with students from diverse backgrounds presents bigger educational challenges than a more homogeneous, focused programme.
Since we are dealing with mature students who generally have at least four years of prior study, we can to some extent rely on the students' acquired study skills.
However, the diverse range of origins of the students makes it difficult to rely on a consistent baseline. In South Africa, the usual route to research is to start with a three-year bachelor's degree (Bachelor of Science -BSc -in the case of science), followed by a one-year Honours degree (BSc Honours). Honours is a junior graduate degree and in most cases includes a substantial project. Prior to entry to a PhD, students usually complete a Masters degree (Master of Science, MSc) that can either be by research, with a thesis that is shorter and less demanding than for a PhD, or by a combination of coursework and research. Students from other African countries may have a different background and even within South Africa standards across universities differ widely.
Given the challenges inherent in a multidisciplinary programme compounded by the diverse institutions from which we source our students, we draw on recent advances in education theory to maximise our success rate.
Historically, much research in education has been based on cognitive models of learning. Bloom's Taxonomy [1] assumes that different levels of learning essentially amount to different degrees of cognition from factual knowledge through to critical evaluation. While we want our students to attain the higher levels of the taxonomy, knowing what these levels are does not guide us as to how to get there. More recently, the work of Piaget [2, 3] has inspired constructivism, a view that education works best when students actively participate in applying their knowledge.
Constructivists divide learning into simpler learning that adds to the student's existing mental model, and more complex learning where the student's mental model fails to fit what is being learnt and has to be adjusted. The simpler kind of learning where new details are fitted into an existing model is often referred to as assimilation.
Learning that requires changes to the model is referred to as accommodation [4] .
Constructivism is also a cognitive model; it does not capture aspects of learning that are not purely cognitive, like the way practitioners in a field interact with each other, and how new knowledge becomes accepted. A newer model of learning, social construction (not to be confused with social constructivism [5] , a variant on constructivism that takes into account social aspects of learning but is still a cognitive model), captures these additional aspects.
The essential idea of social construction is that the way knowledge is constructed is as important to understand as the cognitive aspects. Students may have serious misconceptions as to how knowledge is formed in an unfamiliar field [6] . Given the very diverse nature of our students, this problem is exacerbated. For this reason, we draw on the ideas of social construction theory to bring our students to a common level. Social construction is not a new idea, with roots in phenomenology [7] and the idea was known in the 1960s [8] . However, despite wide application in social sciences and areas of education as diverse as physical [9] and management education [10] , social construction has not seen significant use in science education, possibly because scientists largely see their work as being in the cognitive domain.
Given the diverse nature of our students, we find it useful to think beyond the purely cognitive in our educational approach. Our goal is to produce bioinformatics researchers who know how to work with and develop knowledge, not only how to reproduce knowledge, and to be able to do so whether they are from a prior background related to biology or not. Our approach therefore has a strong component of exposing students to how the community of practice to which they aspire actually works, with frequent forays into examples of how to conduct research, how to analyze each other's work critically and how to work with research literature.
CASE STUDY: ONE-YEAR COURSEWORK AND RESEARCH THESIS BIOINFORMATICS MASTERS PROGRAMME
Although bioinformatics is a discipline on its own, it has not been established as a separate discipline at undergraduate or Honours levels at Rhodes University. Since bioinformatics is interdisciplinary, the programme accepts students from different backgrounds, such as biochemistry, molecular biology, microbiology, zoology, physics, mathematics, statistics and computer science, and aims to bring them to an equal level of interdisciplinary knowledge. The aim is to produce MSc graduates with a strong foundation. Thus, the one-year MSc programme provides a bridging role; one end with multiple legs to get students from different disciplines, and the other end to transfer those suitable to a bioinformatics PhD degree.
History
At Rhodes University BMB ran a one-year coursework and research thesis MSc 
Overview of the programme
The Masters programme is offered over 11 months and incorporates 10 to 13 coursework modules and a research project running partially concurrently throughout the programme. The coursework modules involve an integration of formal lectures, self-learning computer-based tutorials and practicals. In addition, problem-solving tutorials are designed to guide students through current research-related problems.
A number of the tutorials and practical components are assessed and contribute towards a coursework year mark. The assessments of the coursework components are through assignments, tutorials, tests, written work, practicals, and examinations.
The coursework and the research project each contribute 50% to an overall mark.
Successful completion of the degree is subject to a final mark of at least 50%, provided that a candidate obtains at least 50% for the coursework, with a subminimum of at least 40% from each module, and at least 50% for the project thesis.
The coursework modules are assessed by internal grading of tutorials, assignments, tests and practicals, etc. to give a class mark, and by internal and external grading of examinations. For each module, the weighting for the class mark is 40%, and for the examination is 60%. The weightings of the various modules in the calculation of the overall coursework mark is proportional to the number of lectures given. The project is graded internally by evaluating the project proposal and presentation (10%) and project results and presentations (30%), and the thesis (60%) is graded externally by two external examiners. Ideally, at least one of the external examiners should be international.
Coursework component
The courses can be divided into two categories, core and supplementary (Table 1) .
Core courses are given every year and supplementary courses are given according to the availability and interests of lecturers. Each module is about 25 contact hours (each contact hour is 45 minutes) and presented in intensive mode over one week.
The only exception is the Python programming module which was initially 4 weeks. However, our experiences showed that one full month of programming training might not be enough for some biology students. Thus, in the last two years, we introduced a basic programming module. This module is not for credit. It aims to familiarize students with core programming concepts before taking a full programming module.
The first module covers Linux including bash (script) programming. The other programming modules are Matlab and R. Students are asked to apply programming skills in other modules, and are discouraged from excessive reliance on point-andclick web services. Students with no biology background attend basic biochemistry courses. Depending on their background (mathematics or computer science), their course attendance at other modules is decreased.
Research component
The content of each research project is determined by interests of available supervisors and Table 2 , where the titles of completed theses are given, is indicative of the range of topics. Here we discuss some of the techniques used to increase research efficiency and critical thinking ability of students, which requires special care because the programme time dedicated purely to research is very limited (July -December). 
Freedom in the projects

Project presentations:
In the second part of the year, besides the project proposal presentation, students are marked for three further presentations -two progress reports and one final report. Marking criteria, with weights, are defined and applied.
The marking is carried out by a combination of lecturers and supervisors, with a component of peer assessment, in which the marking is also performed by fellow students. The key advantage of peer assessment is that it helps the student markers to understand the assessment criteria for the activity, and thus, for the future, helps students to understand more precisely what is expected. Peer assessment is another example of the kind of strategy that is consistent with the social construction model of learning.
Weekly research meetings:
It is important to spend one-on-one time with research students every week, but availability of supervisors to students is not restricted to specified times. It is very useful for supervisors to spend time in the computer laboratory, rather than sitting in their office. This encourages the students to communicate with supervisors more often. Further, since research time is very limited in a one-year MSc programme, students are asked to build the thesis as they go and send the supervisors an updated version every two weeks. Though this is a lot of work for the supervisors, we found it very useful for a number of reasons.
Firstly, it keeps them focused and organized. Secondly, it helps the supervisors to see their progress and how much they grasp the methodology, analysis, progress on reviewing literature, etc.
Journal club meetings:
In the second half of the year, at journal club meetings, every week one of the students presents a bioinformatics research article. Articles are critically discussed by the group for the methodology and research design. Initially, it is very difficult for them to pick up a good article and analyse it critically rather than simply summarizing but with time and experience they improve their critical and presentation skills to an acceptable level.
Public bioinformatics talks and private group meetings to improve presentation skills:
Regular public talks on current bioinformatics topics or basic bioinformatics approaches help students to understand the topics and improve their presentation skills. Every bioinformatics student gives a public talk at least once during the year.
After the talks, group members discuss how they found the presentation and what would improve the presentation with the main aim of improving students' presentations skills as well as learning to be a critical audience. The presenter also learns to face a critical audience and to accept criticism positively.
Outcomes
The main output of the programme is research-productive graduate students. The data in Table 3 indicates that over 70% (10 out of 14) of completing students have continued in PhD programmes in various South African universities (Table 3) . Only one student (7%) has at time of writing moved on to bioinformatics-related employment. We have no information on the remaining 3 students. Table 2 provides the titles of the theses, indicating the content. As the research time is very limited, the projects are small and do not lead to publications immediately. When students stay on for a PhD degree, there is more opportunity to complete the project and write a paper (e.g., [11, 12] ).
Challenges
While establishing and running the programme, a number of challenges arose. Here we would like to discuss some of them with our solutions as a guide to those planning to establish a similar programme.
The major challenges in this programme can be presented under various categories.
Required infrastructure and administrative support:
Lack of a dedicated Linux computer laboratory and adequate system administrative support presented a substantial difficulty while establishing the programme. A dedicated computer laboratory requires space and funding. Instead, a seminar room was converted into a lecture room and laptops are provided to the students. All the lectures and practicals are held in the same place. Having laptops gives excellent mobility to students. For large computational runs, server access is provided. Further, to decrease the extra load introduced to the course coordinator/faculty member due to lack of system admin support (e.g. installing the operating system to each laptop, installing and maintaining various bioinformatics related software for each module etc.), the Linux module is designed to teach students how to handle basic system administration themselves. This approach added to the skills acquired by the students.
Range of topics:
Bioinformatics is a broad and very dynamic field. It is rapidly changing. Bioinformatics lecturers and supervisors need to follow new developments
continuously. Yet, with limited staff members and time limitations, the programme is unable to cover every bioinformatics topic. Most of the specialized bioinformatics modules are designed according to the research interests of the supervisors, and further learning in these topics is supported by research projects. Although students are not exposed to a wide range of bioinformatics topics, they gain strong background in core bioinformatics courses, and they learn how to do independent research on new bioinformatics topics.
Collaborative effort from different departments:
Teaching bioinformatics can be very daunting. Bioinformatics lecturers should have expertise in different disciplines to be able to link various aspects of the field and supervise research students. Still, beside interdisciplinary knowledge of lecturers, development of a good curriculum requires a collaborative effort from different departments [13] . This programme would not be possible without the support of various departments. This was one of the key factors while establishing the programme. The advantage of collaborative effort is that it can open opportunities to scientists to carry out interdisciplinary research, which in turn would strongly reflect back in improved teaching. The challenge was to familiarize lecturers from other research fields with bioinformatics applications. For instance, a lecturer might be excellent in teaching mathematical programming and Matlab, but he or she might not be familiar with the bioinformatics tool kit. In these cases, a bioinformatics lecturer also participates to help the Matlab lecturer bridge the two fields.
Diversity of students:
It is challenging to take students from a diverse range of backgrounds and levels, and teach them bioinformatics in depth in a short time.
Bioinformatics students need to learn a number of different subjects. If their background is biology, they need to learn basic mathematics, statistics and a computer programming language. Some students have difficulty developing their programming skills, and moving from a Windows to a Linux operating system. If their background is computer science or mathematics, they would need to learn basics of biochemistry, molecular biology and genetics. However, this diversity is used as an advantage in the programme by encouraging students with different backgrounds to work together. Furthermore, having students with different backgrounds has important impacts in the classroom, as they analyse a topic from different angles.
Finding examiners: Currently, one of the biggest difficulties that we have is to find external examiners to review all the research theses at once. This is important for a consistent marking process. However, each of the research theses is about 100 pages, and in practice an external examiner would be willing to review at most four theses at the same time.
CONCLUSION
There are considerable obstacles to running a successful coursework programme in bioinformatics at any level. In any rapidly-evolving multidisciplinary field, sourcing course materials and lecturers with the right skill set and the ability to relate to each other and the students is difficult. Bioinformatics is particularly challenging as comparatively few students and academics have background across all the core disciplines. At Rhodes, we have been able to overcome these difficulties by a broadly collaborative approach. Our regular journal club and research presentations help to fill gaps, and our approach to teaching that integrates research from an early stage keeps students motivated while dealing with unfamiliar material.
The social construction approach emphasises inducting students into the modes of knowledge creation in a discipline, a specially challenging problem in multidisciplinary areas where students have diverse backgrounds.
Some of our other challenges may be less universal, depending on the level of support available for infrastructure and administration. Finding examiners will be less of a problem in parts of the world that do not require external examiners for theses.
Nonetheless our key lessons in dealing with student diversity and different backgrounds of academics have wide applicability. That we are able to produce PhD-ready graduates in a year (noting that there is no coursework in a South African PhD), with our more accomplished students producing publishable research within that year or soon after, indicates that our approach is successful. 
